The effects of feeding liquid brewer's yeast (LBY) on growth, carcass characteristics, and meat quality of finishing pigs were investigated. The LBY diet was prepared by replacing soybean meal (control diet) with LBY (experimental diet). A total of 12 crossbred pigs (Large White×Landrace× Duroc, six barrows and six gilts) were housed at a density of two pigs (one barrow and one gilt of similar weight) per pigpen, and three pigpens were assigned to each of the control and LBY diet groups. Pigs were supplied either the control or LBY diet when their weight reached approximately 80 kg, and feeding was stopped when their weight reached approximately 115 kg. The experimental diet contained sufficient crude protein (CP) and total digestible nutrients (TDN), with dry weights of 15% and 75%, respectively, which were diluted with water to obtain a final dry weight of 22%. Growth performance, carcass characteristics, and sensory evaluation of the longissimus dorsi muscle were not significantly different between the groups. The fatty acid composition in the LBY group showed a significant decrease in C18 : 2 and C18 : 3 content and a high fat melting point. These results indicate that LBY may be a useful protein source for swine.
Introduction
In Japan, feed costs in pig farming account for over 60% of the total production costs (MAFF, 2017a) . Most feed grains are imported, with the selfsufficiency rate of concentrated feeds in Japan being as low as 14% in 2016 (MAFF, 2017b) , and the Japanese government has set the goal of achieving a 20% self-sufficiency rate for concentrated feeds by 2025 (MAFF, 2017c) . Since the Food Recycling Law came into effect in 2001, a national policy has been promoted to convert food byproducts that were previously treated as industrial waste into animal feed.
The volume of beer production in Aichi Prefecture in 2015 was the third highest in Japan (NTA, 2015) . Brewer's yeast (BY) is used in alcohol fermentation in the beer brewing process, and the surplus BY is discharged in a liquid state suspended in the beer. Liquid BY (LBY) contains abundant protein and therefore, can be used as pig feed. For using LBY as a feed, LBY must be dried to a powder or used as liquid feed. LBY has a high moisture content that increases the drying cost, it is more practical to use it directly as a material for liquid feed.
LBY contains alcohol and is also bitter, and its adverse effects on the growth, carcass character-istics, and meat quality of pigs remain unknown. Although studies have investigated the effect of yeast feeding on weaning piglets (SPARK et al., 1979 , TRCKOYA et al., 2014 , WHITE et al., 2002 , studies focused on the influence of yeast feeding on fattening pigs, in addition to carcass and meat quality, have not been reported. Hence, in this study, we examined the effects of feeding diets mixed with LBY as liquid feed in finishing pigs.
Materials and Methods
Experiments were conducted reference to the guidelines for proper conduct of animal experiments of the Science Council of Japan and significant attention was devoted to animal ethics.
Chemical composition of the LBY
LBY was obtained from a beer production factory in Aichi Prefecture. The chemical composition of LBY was analyzed to design the ingredient proportion of experimental diet. The moisture, crude protein (CP), crude fat, crude fiber, crude ash, and nitrogen free extract contents were analyzed by the conventional method (FAMIC, 2009 ). Analysis of the alcohol content and fatty acid composition using gas chromatography was outsourced (Food Analysis Technology Center SUNATEC, Mie, Japan). Total digestible nutrient (TDN) content was estimated by multiplying the chemical composition values by digestibility as described in the Japanese Feeding Standards for Swine (NARO, 2013) .
Management of experimental pigs and design of dietary treatment
A total of 12 crossbred pigs (Large White×Land-race×Duroc, six barrows and six gilts) were housed at a density of two pigs (one barrow and one gilt of similar weight) per pigpen, and three pigpens were assigned to each of the control and LBY diet groups.
The composition of the experimental diets is shown in 
Measurement of growth and carcass characteristics
For growth performance, the weekly body weight and daily feed intake were measured. The feed conversion rate was calculated by dividing the feed intake by the gain in body weight. At the end of the experiment, the pigs were transported to an abattoir for slaughter. Carcass weight, carcass length, back loin length Ⅱ, muscle color, and backfat thickness were measured after the carcasses had been chilled for approximately 1 d.
Muscle color and L*, a*, and b* values was measured on the fresh surface of the cut between the 4th and 5th thoracic vertebrae. Muscle color were evaluated by Japanese pork color standards based on a 6point scale (1＝extremely pale pink, 6＝extremely dark red). L*, a*, and b* values were also measured using a color difference meter (CR-21, Konica Minolta, Tokyo, Japan). The loin area was measured on left longissimus dorsi muscle using a Convex Scanner HS-2000 (Honda electronics, Aichi, Japan) at the site of half the body length on the day before slaughter. The loin area was analyzed using an image analysis software (ImageJ ver1.45).
Analysis of meat quality
To analyze meat quality, one pig from each pigpen (two barrows and one gilt) was selected from each diet group. The longissimus dorsi muscle and subcutaneous backfat were excised from the right side of each carcass, approximately 3 cm caudal to the 4 th and 5 th thoracic vertebrae. To measure melting point and fatty acid composition, backfat in same sites were sampled in all the carcasses.
Water holding capacity
Drip loss was measured with reference to the method described in a review by IRIE (2002). The longissimus dorsi muscle was excised (2 cm×2 cm× 2 cm) and stored in a polyethylene bag at 4℃ for 4 d.
Drip loss was calculated by the reduction in meat weight.
Cooking loss and pressed juice percentage were measured with reference to the method of NLBC (2010). An additional longissimus dorsi muscle was cut into cubes (2 cm×2 cm×2 cm) and sealed in polyethylene bags. After the meat was heated in a water bath for 60 min at 70℃, the meat was cooled in running water for 30 min. Cooking loss was calculated using the weights before and after heating.
Pieces of meat (1 cm×1 cm×0.6 cm) were cut from the meat chunks after measuring the cooking loss and were then pressured at 35 kg/cm 2 for 1 min.
The pressed juice percentage was calculated based on the reduction in meat weight before and after pressure application. Drip loss, cooking loss and pressed juice percentage were measured twice.
Extension rate
The extension rate of the meat was measured according to the method of NAKAI et al. (1980) . The longissimus dorsi muscle was cut into pieces (1 cm× 1 cm×0.5 cm), which were then placed on a filter paper, sandwiched between two metal plates, and pressured perpendicular to the muscle fiber at 35 kg/cm 2 for 1 min. The extension rate was mea-2019，6 月 日豚会誌 56 巻 2 号 Feeding Liquid Brewer's Yeast on Pigs ─ 25 ─ sured by dividing the area of the meat piece on the filter paper by its weight. The extension rate were measured twice.
Analysis of lipids
The melting point of subcutaneous inner fat was measured three times by the capillary tube method, using lipids extracted at 105℃ for 4 h (NLBC, 2010). The fatty acid composition was measured once, using gas chromatography (Hewlett-Packard, HP 5890, USA) with a capillary column (DB-23, 0.25 mm ×60 m). The injector and detector temperatures were 250℃ and 280℃, respectively. Lipids were extracted using a chloroform and methanol solution (2 : 1) (FOLCH et al., 1957) and methylated with methanolic KOH (ICHIHARA et al., 1996) . The composition of seven fatty acids (C14 : 0, C16 : 0, C16 : 1, C18 : 0, C18 : 1, C18 : 2, and C18 : 3) was measured.
The thiobarbituric acid reactive substance (TBARS) value was measured twice, using the method of OHKAWA et al. (1979) . The longissimus dorsi muscle was excised (3 cm×1 cm×1 cm) and stored at 4℃ for 4 d. A 10% (w/v) homogenate was prepared with 0.15 M KCl. Next, 0.16 mL of the homogenate, 0.3 mL of a 20% acetic acid solution (pH 3.5), 0.04 mL of an 8.1% SDS solution, and 0.3 mL of a 0.8% thiobarbituric acid solution were mixed and incubated at 95℃ for 60 min. After cooling, 1 mL n-butanolpyridine (15 : 1) and 0.2 mL distilled water were added with vigorous stirring. After centrifugation at 4000 rpm for 10 min, the absorbance (532 nm) was measured in the upper layer. The TBARS value was calculated using tetramethoxypropane as a standard substance and expressed as the amount of malondialdehyde (MDA) per gram of the longissimus dorsi muscle.
Sensory evaluation
The sensory evaluation was performed by 34 untrained panelists (33 males and 1 female) selected from the staff of the Aichi Agricultural Research Center. They were aged as follows : 3 in their 20 s, 4 in their 30 s, 14 in their 40 s, 10 in their 50 s, and 3 in their 60 s. One gilt that had not been used in the meat quality analysis was selected from each diet group, and the longissimus dorsi muscle was excised from the right side of the carcass for evaluation. The sample was stored at −20℃ until evaluation, were thawed overnight at 4℃. Similar-sized samples (4 cm×4 cm×1 mm), with 1 cm of inner backfat attached, were grilled for 30 s on each side on an electric griddle (KZ-HP1100-K, Panasonic, Japan) at
200℃ without salt or spices. Samples were grilled in a separate compartment from the panelists, and were immediately served to the panelists. Each sample was served in a dish labeled with a threedigit random code and was presented at the same time. The panelists were sitting at intervals and were instructed not to talk to each other. Testing took place under white light, were done not in all-inall out. Sensory evaluation for the evaluation items (preference of aroma, tenderness, juiciness, taste, and overall preference) was carried out by a pair test.
Statistical analysis
The variables of the dietary groups were compared using the Student's t-test. The consumer 2019，6 月 日豚会誌 56 巻 2 号 SUZUKI, MASUDA, KAWAMOTO, TAJIMA, UCHIKURA and KURITA ─ 26 ─ 
Results and Discussion
The chemical composition of LBY is shown in Table 2 . LBY had a high moisture content (85.7%). This moisture contained a proportion of alcohol (4.3%), and the weight decrease after drying was described as moisture (FAMIC, 2009 ). Furthermore, the CP content in the LBY was 58.46% of the dry matter, which was higher than that in the soybean meal (51.1% ; NARO, 2009), implying that LBY could be a protein source. The unsaturated fatty acid composition of LBY (Table 3) showed the C16 : 1 content was the highest (20.1%), followed by C18 : 1, C18 : 2, and C18 : 3 (10.4 %, 10.3%, and 2.3%, respectively). The fatty acid composition of the LBY quite differed from the soybean meal, particularly the C18 : 2 content with recorded values of 54.0% in the soybean meal and 10.3% in the LBY. The fatty acid composition of the experimental diets is shown in Table 3 . C18 : 2 and C18 : 3 contents were lower in the LBY than the control diet. The effects of dietary treatment on growth performance are shown in Table 4 . No significant differences were detected in daily gain, feed intake, or feed conversion ratio. WHITE et al. (2002) reported that feeding weaned piglets on feed supple-mented with 3% dried BY significantly decreased feed intake and body weight gain. In the present study, we fed finishing pigs with 15% of LBY mixed (9.75% in terms of dry matter), but there was no difference in feed intake and body weight gain when compared with the control group. In the present study compared to WHITE et al. (2002) , differences in feed intake and other factors did not vary despite a higher amount of LBY feeding period. This might have been due to differences in the ages of the test pigs. In addition, LBY used in this study contained alcohol ; therefore, the alcohol contents could have also influenced the results.
Carcass weight, carcass length, back loin length, backfat thickness, meat color, and loin area of the LBY group were not significantly different to the control group (Table 5) . SPARK et al. (2005) reported that replacing 60% of soybean meal in feed with whey yeast fed to weaning piglets had a positive effect on nitrogen digestibility. Although the digestibility of LBY was not measured in this study, no problem associated with growth were observed, and the loin area did not differ from the control group.
Therefore, protein contained in LBY could have been utilized as much as the protein in soybean meal. This implies that LBY in feed does not adversely affect the growth and carcass of pigs.
For meat quality, no significant difference was detected in drip loss, cooking loss, extension rate, or TBARS value ( which is an important antioxidant in vivo (WU et al.
2004
). RICHIE et al. (2013) reported that glutathione concentrations in the blood and cells were increased by oral intake of glutathione in humans. LI et al.
(2017) fed low birth weight pigs with feed supplemented with methionine (amino acids constituting 2019，6 月 日豚会誌 56 巻 2 号 SUZUKI, MASUDA, KAWAMOTO, TAJIMA, UCHIKURA and KURITA ─ 28 ─ Data are expressed as means±standard error (n＝3). glutathione) up to 180 days of age, which increased the concentration of glutathione in muscle and decreased TBARS values. In the present study, TBARS values in the longissimus dorsi muscle were measured. However, based on the averages, the TBARS values in the LBY group were somewhat lower but there were no significant differences. The reason for this might be that the feeding period was as short as 34 days compared with that in LI et al.
(2017), and could be due to differences in the ages of the test pigs. In future studies, it would be necessary to feed the pigs for longer periods and measure glutathione concentrations and TBARS values. The fat melting point was significantly higher in the LBY group than in the control group (P＜0.05).
The fatty acid composition of the subcutaneous inner fat is shown in Table 7 . In the LBY group, C18 : 2 and C18 : 3 contents were significantly lower than in the control diet group (P＜0.05). The fatty acid composition of backfat is affected by the fatty acid composition of the feed (IRIE, 1989) . ASHIHARA et al. (2011) reported that C18 : 2, C18 : 3 in the subcutaneous fat inner layer was significantly lower when chocolate was mixed in the feed than when the feed was supplemented with soybean oil. The fatty acid composition of chocolate seems to have been less polyunsaturated fatty acids such as C18 : 2 and C18 : 3 compared with those in soybean oil.
Also in the present study, the fatty acid compositions of the LBY group diet were lower in the C18 : 2 and C18 : 3 than in the control group diet (Table 3) , which could influence the fatty acid composition in the subcutaneous fat inner layer. Regarding the relationship between fatty acid composition and fat melting point, there is a negative correlation between C18 : 2 and fat melting point (WOOD et al., 1978) . Polyunsaturated fatty acids, such as C18 : 2 and C18 : 3, are considered to decrease fat melting points. In the present study, the fat melting points in the LBY diet group increased due to a significant decrease in the C18 : 2 and C18 : 3.
The results of the sensory evaluation are shown in Table 8 . No significant differences were found in aroma, tenderness, juiciness, taste, and overall preference. However, no meat quality analyzes, other than fatty acid melting point and fatty acid composition, were conducted in the present study.
Therefore, we are unable to conclude that changes in fat melting point does not affect sensory evaluation. The relationship between meat quality and sensory evaluations following supplementation with LBY mast be examined in future studies. Together, our results suggest that feeding LBY as a substitute for soybean meal had no significant adverse effects on the growth, carcass characteristics, and meat quality in pigs. In addition, the C18 : 2 and C18 : 3 decreased, suggesting increased fat melting point. Therefore, LBY may be a useful protein source for swine. Further investigations are needed on the long-term effects of including LBY in the feed of fattening pigs. J.P. CHADWICK and M. ELLIS : 1978, Fatty acid composition of backfat in large white pigs selected for low backfat thickness, Meat Science, 2, 289-300. WU, G., Y.Z. FANG, S. YAMG, J.R. LUPTON and N.D.
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